Advanced Ceramics for NASA’s Current and Future Needs 


Ceramic composites and monolithics are widely recognized by NASA as enabling 
materials for a variety of aerospace applications. Compared to traditional materials, 
ceramic materials offer higher specific strength which can enable lighter weight vehicle 
and engine concepts, increased payloads, and increased operational margins. 
Additionally, the higher temperature capabilities of these materials allows for increased 
operating temperatures within the engine and on the vehicle surfaces which can lead to 
improved engine efficiency and vehicle performance. To meet the requirements of the 
next generation of both rocket and air-breathing engines, NASA is actively pursuing the 
development and maturation of a variety of ceramic materials. Anticipated applications 
for carbide, nitride and oxide-based ceramics will be presented. The current status of 
these materials and needs for future goals will be outlined. NASA also understands the 
importance of teaming with other government agencies and industry to optimize these 
materials and advance them to the level of maturation needed for eventual vehicle and 
engine demonstrations. A number of successful partnering efforts with NASA and 
industry will be highlighted. 
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Testing capabilities ranging from comprehensive materials properties 
evaluation to subscale component testing in representative thermal and 
chemical environments in engine tests 
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Key Ceramic Properties for NASA Applications 
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High Emissivity 

Tailorable Electrical Properties 
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Lower coolant flow requirements 
May eliminate re-entry cooling requirements 
Can provide higher fuel injection temperatures 
Enable vehicle and engine designs/cycles 

Increased operational margin -- translates to enhanced range and/or payload 





Cooled Ceramic Matrix Composite Panels 
Successfully Tested in Rocket and Scramjet Engines 
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Engine and Burner Rig Testing 
Supporting Industry and Government Labs 
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Technical challenges 

Environmental durability 
Life 

Manufacturing 13 






Environmental Barrier Coating Development 
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Erosion Self-Indicating Thermal Barrier Coatings 
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Erosion Indication 





Protective Coating Development 
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Principle of Solid Oxide Fuel Cell 



High temperature operation 
600 - 1000°C 
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2006 - NASA Phase I Target 

2008 - NASA Phase II Target 
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-High structural stability at high T 



Development of High Temperature Nanotubes 
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Nanotechnology - Demonstrated composite behavior with nanotube composites 
Measured ~3 wt % absorption for hydrogen with boron nitride nanotubes 
Fuel Cells - Achieved specific power density of 1 .0 kW/kg 

Operating temperature slightly increased to 900°C with all ceramic cells 
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Partnering - International opportunities exist in both Space and Aero arenas 
NASA offers: capabilities in modeling, design, analysis, evaluation and 

testing - from laboratory scale up to representative engine environments, 
vehicle systems knowledge 



